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1 .1 IlTTnODUCTIOP 

’ itii the increo&e of industries, cTeicand for nore and 
more v/ater is felt. This is creat in-j a great problem. 
Ind^otria] specification of chenicol qualit;,' and temperature 
for process Vi'Ster and for coolixis purposes are becoming 
iiiore rigid (l As ground \/ater is usually more constant 

in quality and temperature, many industries are turning 
to ground wa'cer supplies to satisfy their gro\/ing demand. 

The ever-incjL easing demand has caused shortage of '’’ater 
supply in many parts of the world. One solution, to some 
extent, of this is bo develops ground \^ater supplies that 
are '^ependeni, upon induced infiltration. The underground 
reservoirs are filled during period ^of excess rainfall 
and can be emptied diuring periods of drought. In this v/ay 
the ViTater that otherv/ise would be wasxed into the oceans 
IS saved. The development of water supplies which is depen- 
dent on induced in filtration is relatively a iie\/ concept. 


^ The numercls in parentheses refer to the references 


given in Appendix - 1 , 
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/hen a v^ell le pumped, the water level around the well lo 
lo\/ered in the shape of an inverted cone or cone of depression. 
As the puiipin'", is continued the cone of depression \fill 
continue to expand horizontally and vectDcally until the 
quantity of v/ater crossing the periiieber ol the cone plus 
die recharge ’-athin rhe area of the cone is equal to the 
quantity of v/ater being pumped (2,3 »4 )• 

Under natural conditions, the ’"oter that falls on 
the earth surface as rain saturates the superficial material 
and then aioves laoerolly to drain into some surface stream. 

II, nov/ever, a well, infiltration gallery, or v/ater 
collector located in the alluvial deposits of sand and 
gravel adjacent to stream is iXmped , the cone of depression 
developed by pumping che well v/ill change the hydraulic 
gradient and the \/ater vail move from the scream towards 
die well ond into the aquifer (5). This process is called 
recharge or induced infiltration. 

The requisice local condition for inducing infiltra- 
tion include(t»a surface source of water such as a stream or 
lake that is hydraulically connected v/ith an aquifer. The 
aquifer may be a consolidated formation but is usually 
a deposit of permeable sand and gravel open to stream so 
that the water may flov/ in either direction betv/een the 
surface source and the aquifer. 



"hon a well is pumped the shape of the developed 
cone of depression in the vicinity is conxrolled largely 
by the permeability of the formation, the quantity of water 
beins pumped and the total available head* Under homogeneous 
conditions xhe cone of depx’ecsion is circular in slmpe and 
sytnmetrical around the v/ell. Ground water flows to\/ards 
the well equally frora all directions, if the permeability 
of the aquifer, the hydraulic gradient and the area tlirough 
which the \;ater passes are uniform. If, however, a well is 
placed near a perenial stream that :i s interconnected 
hydraulically with the aquifer, the cone of depression 
will become distorted, and will flow from the stream into 
aquifer to replace that which has been pumped out. Since 
sufficient recharge is available from the perenial stream, 
the cone of depression towards the stream will eventually 
assume a relatively stable shape. The ultimate quantity of 
water that can be obtained can be determined in advance 
by a detailed hydrogedogical survey* 

The cone of depression developed by all wells is 
made up of a head loss due to the movement of water through 
the aquifer to the well plus an additional loss in head 
required to move bhe water through the screen and to the 
pump intake. Thus v/ell loss factor is due to the change 
from laminar to turbulent flov/. In some cases it is half 
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the total drav/down in verxical well&. It is only a fraction 
of total head in the case of collecbor v/ells . Collector 
v^ells are a new device for providing large supplies. In 
this v/e can utilize the full available head in aquifer 
because of the large amounb of screen bhat can be projecbed, 
as much as 200 ft or more of lateral lengths. The entrance 
velocity IS lov/, thereby rainiraizing sudden changes in 
pressure and v/ell loss and eliminabing encrusuabion. The 
yield of individual collectox' may exceed 20 million gallons/ 
day under favourable conditions. A brief descripbion of 
horizonbal collector \/ell is given below. 

1 .2 DESCflPTIOJ OF A HO^aZOhTA]. COLlfCTOR ^/ELl 

A horizontal collector \/g 11 consists of the 
following (6) i 

A central caisson, i,e,, a sectionally poured 
in-place reinforced concrete vertical shaft of large 
diameter, 13 ft or more, is sunk as a caisson lo a 
predetermined depth. The average depth of caisson below 
ground level is 70 ft, although in some cases the depth is 
more than 200 ft. The wall thickness for a relatively 
shallow collector shaft is 18 inches and for a relatively 
deep one, 24 inches. The bottom of caisson is a heavy 
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reinforced concrete slob, fclie thiclincss and clie ’reight of 
vdiich have no effect on cais&on stability, ov/ing to the 
interrelations of caisson size and weight. 

Approximately A ft Iron the bottoir of caissoxi 
shafc are one or more tiers of horizontal perfcratcd steel 
pipes surrounded by a screen and connected co a valved port, 
T^he ports are usvially no less than 22u° apart. The 
collector piping usually hes an 8.5/8 inch outer diameter 
and a 3/8 inch v/all thickness iiade of copper alloy steel. 

The clots in the pipe cut \/ith a saw, are 3/8 inch v/ide 
and inch long, the perfoorated area equals aboiit 20% 
of the total sirfoce area. In the "Uaniiey" well, slotted 
pipe IS placed directly, 'Ihereas in "Pehlmann" well a blanli 
casing is installed after v'hich a perforated pipe is placed 
inside and the blanlc casing renoved. 

The total length of the collector pipe required 
depends, as determined in the field test, upon the quantity 
of water, mininiura loss of hea^^ porosity and transmissibility 
of the foriiiation. The lovifer the entrance velocity, the 
better the water quality, the fewer the small particles 
that enters the collector, and the smaller the chance of 


encrustation 
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SSter 8 preBiTinaiy sorvej^ has coiirirneu that the 
aqu:Xer is suitcble Xor devel "^jM.ient and a pumping best 
has cloi-ormined bhab the yield is adequate, a reinforced 
concrete caisson is sunir onto the ground to the required 
depth (7) - IJornally this is done by building a circular 
section of the caisson, about 10 ft. in lieight on the 
surface and diggTng out the enclosed earbli to allov,'^ the 
secxicn bo settle into the ground; the OiOeration is repeat ed 
until requiref^ depth is reached. Tne botoora of caisson 
IS then plug ed with reinforced concrete and when this 
has set the development of infiltration galllerj.es or the 
horizontal laterals coxi start, 

from porrholes formed at the bottom of caisson 
wall, laLet'als are projected horizontally like the spokes 
of the wheel. These are fabricated fro;\ heavy steel pipes 
perforated with longicudinal slots and roay be 8,12, 24 inch 
in diameter. The number of laterals installed and the 
length of each is determined by site conditions and the 
yield requirements. The development and projection of the 
laterals are the most important pliases of the entire operatinw. 
Each new section being welded to the one previously 
installed with straight forward method of thrusting, hov/ever 
the p] pes could not be pushed to any great length and 
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fvirbner they ’ ould corpresc bhe materials o± the ecLUiXer 
makin._ co] lection o± bhe v/ater more difxicult. In the 
horizontal collector system the fine ss^nd and gravels 
in bhe path of the projected pipe arc removed by flushing, 
from 2 to ^ c\x l€ of fines being removed for every foot 
of pipe projected. After development each lateral binply 
serves as a sub dram in a filler surrounded by a material, 
several ft ixi dia > of couise gravel, fine slotted laterals 
somouicied by artificial pravel pad:, have been developed 
for fomationr 'vhich do xiot contain any xiatiiral gravel. 

A major advania^e of bhe horizontal collector si’^steji is 
that any required area of screen opening can be developed 
so os to c nti-ol the entrance velocity of water into the 
lacerals. By heeping the velocity of the water extremely 
low, sand entry and encrustation can be controlled* 
llncrusbabion is caused by the precxpitation of calciun 
corbonate frnn the \fa.ber. '^hen v/acer passes through 
screen at a high velocity chere is a lo’vering of pressure 
allowing a portion of the CO 2 dissolved in the ^/ater to 
be liberated This causes a cliange in the bicorbonat es , 
not only on the surface of the screen, but also in the 
interstices of the surrounding gravel. The design of 
horizontal collector we31 is based upon projecting 
sufficient laterals to keep bhe velocity through the screen 
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of file elotfed pipe and adjocent aqoifer low enouf;,li 
pracbically lo eliminate the pressure drop. 

'hthin the caisGon, at each po' thole v/hsi’e a lateral 
IS installed, a gate valve is fibced. The opening of 
these valves converts bhe lower pa t of the caisson into 
a pu.ip v/ell of naturally filbered \/ater, bhe upper part 
of the caissoxi can be used to house the pump, moxors and 
conti’ol gear, so bliat a complete v/ater producing system 
IS concained in one unib, provided tnat the upper parb 
of the caisson is built w^ell above raaxijiium flood level', 

A clean uncontanina bed \/ 0 ter supply is alv/ays available 
despibe v/ide spread flooding and si£bing. Apart from 
water abs brcctioii, Eanney sysbem con be used to recharge 
aquifers without necessi bat ing the construction of large 
ponds , 

1 ,3 QHEFICAL OUAhlTY Of TOER 

The water used in industries should be of good 
quality and should be xn sufficient quantity. In the 
collector v;ells all the organic i.iatter and pathogenic 
bo-cteria are removed from water by induced infiltration. 
Studies show that the major factor in the distruction of 
organic matber is oxidation. This distraction is suf ficientT v 
effecbive to remove even phenols from water pumped from 
horizontal collector installation along Ohio river. 



^'ecord& ox cbemical qxialii;;’’ oi uacer xroc a 
collector v^ell oT the central fibre producLs coL-pa ny 
at Quincy, Illinois (3) over a period of nox''e than t\'o 
years snow the changes in the chemical quality of the 
original water pumped '’Inch \rao normal ground water 
containing 945 ppm cotal hardness, 1010 ppm chlorides, 

450 ppm alkalinity and 25 ppm iron. .After one year of 
punping a roll had dropped to 3 PPm snd allcalinity from 
about 290 to 130 ppm. 

The ternperatuie of \/a ter obtained by induced 
inf ilti’otion will fluCGuate in a maimer similar to the 
fluctuation of temperature of the streom. source, lio\fever 
the range of fluctua cions will be too small and the 
maxiimm temperature of induced infiltration v/ater will 
lag the maximum temperature of the surface scream by as 
much as 3 months (3) . The temperature of Vabash river 
fluctuates generally between 37®!’ &. 32 “P, the temperature 
of the collector v/ater however ranged between 47“!’ & 

61 bhoiigh collectors were located very close to river. 

Horabaugh (12) gave the data of national carbide 
company at houisville, Kentucky, U.S.A. on the temperature 
of water from collectors. Thermo-couples were installed 
in atleast 3 lateral screens and recerds were kept of 
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teiupereture of the ’./atei" from collector, and the water 
discharged from individual laterals extending tov^ards 
the river He shoned that the aquii'or is an effective 
heat exclnnge unit and that its effectiveness can he 
met eased if the distance to the effective line of 
infiltration is increased. 

1 .4 JHE YIEToD PROil A COLLECTOR \/5LL 

The yield of a horizontal collector well depends 

upon : 

i) Tliichnesc of water bearing formexion 
ii) The available drav/ down 
111 ) The effective radius of the well 
iv) The permeability of the \/ater'“bearing formation 
v) The distance to the effective line source or 
effective line of infiltration. 

The thickness of the '^ator bearing formation and 
the avaDlable drav; down can readily be determined by 
proper geologic exploratory test drilling in the area of 
the proposed development. The effective radius of the 
well can generally be estimated from the type of v/ell 
construction, and the coefficient of permeability. The 
distance to the effective line source can best be deter*^ 
mined by field pumping tests. 



The basic ^leld equation asstU'-'es a constant 
'vater surface and a constant t eiuyeratin’e . Since all 
surface aource^liavc considerable seasonal variations in 
strje and cenpera tiire , a seasonal variation in the yield 
of the well v/il] occur. 

Variation in rivei sb£ \/ill directly affect the 
availabDe dra\/ c1a/n and in an unconfineJ aquifer, v/ill 
also affect the average sarurateJ thickness of the 
formation. The water produced from a well dependent 
upon induced infiltration will have a seasonal cyclic 
temperature variation similar to th-^x of the surface source 
but the variacion is less in magnitude than that of the 
surface source and lag the surface soarcc cycle in time. 

The ciianges in viscosity caused by temperature fluctuations 
v/ill cause a direct variacion in yield of well, it is 
bhereforo necessary to determine temperature carves for 
both the river and \/^ell. The effective distance to the 
line source \/ill also vary wi bh stage and xeraperature 
because it is controlled by vertical permeability or 
infiltration rate of the surface source. For cities and 
industries locaxed near rivers, the problem of obtaining 
a high qual: by, lov/ temperature vmter at reasonable cost 
has bee one increasingly difficult. In many places in 
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Europe and the Tjnitecl Stabes, ^rouiid we ter puraped froiii 
collector v/cIIg has proved to be a successful solubion. 

Since tno development ol collector well, some 
4OO Eanney collectors have beexi installed in U«S.A~, 
Canada, France, Germany y S\/it2:erlend , Ausriia, Itly, 
Yugoslavia, ebc. The iicdian yield of a single collector 
IS estimbecl at 6000-7000 Fovrevei the yield ox 

a radaal wel3 cai. be increased, if required laber, by the 
projection of further laterals^ 

The yield of a collector \/ell is generally found 
using Eupuit -EorcMiirier well discharge formula with an 
experimentally suggested equivalent well radius (15) • 

That IS, collector v/ell is replaced by a hypothetical 
vertical well that completely penetrates the aquifer and 
IS equal to that v/hich obtains in the collector well. The 
suggested value for the equivalent well radius is approxi- 
mately 75^ of the average lateral length in the collector 
v/oll system. The flov/ pattern around a collector well is 
however, extremely complex. The thickness of the aquifer 
and the length, location and number of laterals are 
important factor/vin the determination of yield of, and the 
draw down distribution around such wells. 


Many studies have been done in tlie past on radial 
collector wells. The best and most up bo date approaches 
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fco the problem are the results of experiraental studies 
of Ilaefeli and J. Zeller (14), G* Ifehrgang and P,K, 

I'alcke ( 15 ), B. Kordas (16), M. IIilo Je vie (17) and the 
analybical studies of G. Cocchi (18), P, Ja , Palubarinova 
Kochina (19) and LI, Hantush & I.S. Papado pulos (20). 

Haefeli and Zeller performed experiments in a 
scale model of a v/ell showing the radial simmietry, 
duplicating grmnd v/aber flow in a homogeneous and 
isotropic free water table aquifer ot limited bhickness. 

The construcxion of the laterals was such that the head 
loss along them was negligible. The5'' obtained the following 
empirical equation 

l.m.k.H (n/ A ~ B ^ - 1 ) 

Q ^ 

C 


where 


1 = length of one lateral assuming all laterals 

bo be of equal Dength, 

m = number of laterals, 

k = coefficient of permeability 

H = static undisturbed ground water table 

h = depth of water in the well above the base 
o 

of aquifer under pumping conditions and 
under a discharge ta. 
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A,B,C = const am: s 

The constants A,B,G are 2 ,iven in table H below { 


TABLE 1-1 

VALUED or COriTAl'TS A,B, AlTD G APPEAR lEG IN EQUATION ^.1) 


HI 

A 

B 

C 

4 

4.00 

3.00 

5.25 

8 

3.20 

2.90 

7.31 

12 

4.068 

3.068 

10.00 

16 

3.718 

2.718 

1 1 .20 


All the constants (A,B,C) in equation ^-1 ) are 
dimensionless. The dimension and the values of Q. depends 
on units in \/hicli 11, k and L are expi eased, 

Nahrgang and Palke also performed hydraulic scale 
model investigations. The mos'C important objective 
of their studies was the significance of the flow through 
infiltration gallerys. Their study was matheraetical as 
well as experimental. They have shoy/n that the relationship 
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between the headless along the laterals and the total 
drawdown has a great effect on the capaciby of the well, 
and on the relationship between the capacity and drawdown. 

Kordas perforned experimental investigations on 
an elec tr odynamic analog model dealing \/ith the ca|3acity 
of the sjminiG trical radial collectoi well in artesian 
homogeneous and isotropic aquifers and v/ithout ground water 
flow prioi to the v/cll operation. He made the assumption 
that the head loss along laterals nay be neglected, an 
assumption which may be valid in many cases, Kordas 
summarized the results of experiBients conducted by 
li, Huuerberg (21), H. Stock (22) and M, I.lilo Jenc 
in the form of an empirical equation which is 



KL(H-h^) 


& 


^"^^(t/L)*^^ (^^)*^^ arctan (t/L) 


4*52 


42 ) 


R, 


log 


10 1 .931 


where 

T = aquifer thickness 
R = radius of action of v/ell 

d = diameter of the collector pipe 
t = elevation of the lateral above the impervious 


stratum 



Equation (J2) 3-i'' ^ all eii, pineal fornula is valil v/ithin 
certe] n lii its ’vh] ch are given in tablei“2. 


1b 


TABLE I >2 

LpTITATinirq or EQUATION (-2) 

.161 tll/L 4 .465 , 1 .54 ^ ^4.44 

.00846 4=- r/l ^.0244 , .00425 ^ /l ^ ,0122 

0.0 ^ ^ ^ 1.0 


Aiislyfcical solution given bj‘ Cocclii had bhe same 
ain as the experimental approach of Kordas . The basic 
assumption of Cocchi v/ere that the head loss along laterals 
may be neglected and that the specific yield along laterals 
may be expressed by an algebraic polynomial of the second 
order. The calculations are rather tedious. 

The analytical solution given by P-Ja Polubarinova 
Kochina (19) deals ’’ath a special case of the problem 
of a system of horizontal drains in a semi infinite space 
of ground water- In particular the problem of yield 
computation for systems similar to that adopted in the project 
of water lines in './arsav^ is discussed. An approximate 
hydrodynamic solution is given using the familiar method 
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of + ve and “ ve sources of constant intensity cli&tri- 
buced alony bhe axis oX the drain v/’hose length is denoted 
by 2c The yj eld in a simple horizontal dram is given 
by equation i3) be lew 


Gl = Iq 


2K1C (H + Z^-Pypg)f 


2 Z. 


C -h 


J~c^~+ 


n 


- 1 . 


4 z; 


n 


2c 


id) 


v/here 

1 = length of dram 

Zq = drain depth below \/ater surface 

n = depth of water 

U = 

If the radius of the drain is r, then the minor 
half axis b of an equipobential surface can be assumed 
as being equal to 1 .225 r. We can also assume that 
1 = 2 c, 

2 7^ k (Z^ - h - 1 

= Sig <j.4) 

2o c + \/? + 4 Z^ 

1 ^ 1 X— 

n b n r, r. 
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Equation ^’4) represents the yield of an horizontal 
dram belo.v the free surface of ground v/aber occupyiny 
init tally the lower seui infini ce space limited by o 
horizontal plane. The naximur lov/ering of the free 
surface caused by the action of the drain is denoted by h« 

p = pressure in the dram assuming atmospheric 

press equal to 0 
P = density of water 

g = gravity accelei'ation 

k = coefficient of permeability 

The most recent paper on the collector wells is 
by Ih Hantush and I.S. Papadopulos. This paper deals 
with steady and unsteady flow towards the collector 
v/ell. Aquifer characteristics can also be found out by 
carrying out pumping tests from collector wells. Solutions 
for problem of flov/ towards steadily discharging, partially 
penetrating vertical wells have been obtained by treating 
the well as a line source, the strength of whr ch is ( <9. ) 
rs uniformaly distributed along the water entity portion 
of the well. Also it is assumed that aquifer is 
homogeneous . 

If each of a group of W laterals of a collector 
well IS replaced by finite line sinlt of uniform discharge 
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aloii" its axis and ir the drau do\m by ith lateral 
at any point (r, 9 >s) is si then total draw do\/n 


N IT 0 

S = Z SI = 2 (^) (rjS ,Z, t; & Z ) i3) 

i «1 1=1 ^ ^ ^ 


where 

= function satisfying, boundary value problem 
= discharge 

1^,0^ ,Z^ = length, orientation, vertical 

position 

If discharge from eacn la teral is same then 
II 

(-^) (r, Z, t; 0^, Z^) \6) 

In the equation <i6) ib is assumed that flux 
entering in the laterals is uniformly disxributed along 
its water entry face. But it is found thai. both flux, 

& head along the face of lateral changes. Braw do\m 
distribution in the laterals is in between these tv/o. 

The location of maxinuii draw down on the face 
oC lateral is dependent on geometry of collector well 
i.e. how many laterals are there in the collector v^ell. 
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ror = ,05 £, , bhis pome; ol mxi'iMii drci’w do’,/n can be 
taken at the face of che ’fell if the nuuber of laterals 
IS four. For six or more lateroJ if r = ,1£,the same 
aprr oxima bion holds good, = effective radius of 
caisson. This point is : nde pendent of the hydraulic 
property of the aquifer. If (r^, ©, 2^ + r^ are the 

coordinate 01 the point of maxirura dra’7 xhen dra'v down is 


rf , collector 

lil 




" Tj" ^1 ~ ^vf > ^1^ 


^ f^ (r^, ©1, Z H- 15 © 1 , Z^) ^V) 


Wiieie r^^ is the radial distance to the point of maxiraum 
drawdovm. For syi ' ctrically located laterals eqn li>7) 
becor^es 


“0 = h’ h i f'w - u 01 + zp 




^ h (f-m- »i- 2, u h- Vi 

1=2 J 


4-8) 


M. Milo Jevic (17,23,24) considered the possibility 
of an analytical solution of the yield of both, a single 
collector and a j^roup of such wells, located adjacent to 
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the river Lanl in an artesian aqiaiier or coiistant thickness, 
rhe analytical oolubion r/as obtained in the form of 
algebraic equation with the coefficients in the form 
of convoryent sinyle and double infinite series. This 
solution did nob prove convenient for r-racfcical use. 

He therefore chose an electro hydro dynamo analogy as 
his model. The phenomenon v^hich could not be studied was 
the varjations of water head alon" the drams due to 
streai'iin^ inside them as well as inside the drainage gallery 
created ai ound the dram. It v/as assumed that (j) = constant 
along the drains. 

The electrical measuring device vdiich v;as used 
allovced the follov/ing leasurements to be made. 

(1) The overall resistance R in the i<iodel by the 

v/heat stone Bridge v/ith a built in oscillator for 
frequency of 1000 HZ, 

(.2) The current, I, passing through the model at a 

given tension, bj" ueasuring the tension drop \/ith an 
electronic volt meter in a resistor connected in line 
with the iiodel, 

(3) The yield distribution along drains. This 

measurement vyas done by dividing all model drains in 10 
portions , each portion being electrically insulated 
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from the other and connected to the feeding source through 
a resistor in which the tension drop v;8s determined hj the 
electronic volt-meter. 

Graphs prepared by hnu can directly be used for 
practical purposes. 

The yield Q. oi the \/ell is given by the expression 


a 

2 k(II-h) T 


1 

A 


<i9) 


wher e 

A = dimension less funcbion of bhe well 
geomebry, of \/ell spacing and the 
river banl: distance. 

Current I passing through model is, 

— ^ ^- 10 ) 

2 A' TU 

where 

B = dimensionless function and depends on the 
factor on which A depends. 

On account of the similar! by of the model and the 
probotype we can take A = B 



then 


a 

i:t (iMi) 
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V 

TR 


(i1l) 


yield as cliiaensionless qvanfcity is ^iven by 

■1 

and as a Cunccion ol 

2 '^bl/c/li 
log oh 

Sh '^/ c/L 


v/here 

c = distance bet’^een collecLor './ells. 

T = aquiTer thickiioss 
b = distance ol v/ell rrori source 

Rig, 1 slio\/s the above relationship for the 
cose of 8 laterals & 12 laterals. 

Yield in an infinice array is given by 



2 Tv K 1 (H-h) 

Gh 2 7^ b/c 


Sh 7^- r^/c 


(' 12 ) 


2,3 log 



CHAPTER 2 


2 . 1 lOTBODUCTIOH 

The radial collector v^ell wa& develo^jed and became 
practical in the 1930 's and fro.i time bo cine ii'ij)rovements 
are beans made* In recent years the horizontal drilled 
well has gamed yroun nence, in cases v\fhere it advantageously 
replaces the conventional verbical well, f/lany nunicipali- 
ties throughout the world have successfully operated this 
Type of inf libra bion gallery bo obtain part of then water 
supply o Rodial collector wells ovido an anerpensive 
and relatively sir pie method of obts ini ng \/a ter of high 
quality for mdus trial and munacipal use. 

The initial cost of a collectoi v^rell exceeds 
that of a vertical \^'ell, however advantages of large 
yields reduced pumping heads and lo\/ no , noenance costs 
are factors ro be considered. Yield voiy with locol 
conditions the averiigc for a large number of such wells 
approximated 5000 g.p.m. 

A snaft of sufficiently large diaueier is surd: 
dov‘/n into the water bearing sxroba and a number of horizontal 
well pipes are driven out an radial directions. Methods 
ai'e connected with the names of Ranney and Eehlniann . This 
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arrangewenb is neces3iba ted v;hen the circui if erence of a 
convent Lonal vertical drilled well would provide too 
smell an entrsuce area for the required siip.jly. This 
occuis in fine grained materjal in unconfined flou' and 
1 x 1 coarse tlixn layers under confined conditions. 

Tor proper desigxi and operation accurate depression 
curve ’'ibhin v'ell area chould be l-iio\/ii. To investigoce 
all Lhe phenomenon requii’ed for proper function and 
design of well a model is c oxistriic bed to simulabe bhe 
charcicteriscics of the acbual aqi’ifei , and bo see the 
various effects such as dra\/ dov/n curves lor various 
dischanes, effeeb of different arraiicement of laterals 
on drav/ down ciurve for differonb discharges, etc. 

2 . 2 CQNUTdUCTIOTT DETAIJ.S Of THE flODEL 

A masonry taxil: was constructed on a steel plate 
bobbom The outer dii’ension of the tanh v/ere 8’xG'x4’ • 

The bob bo ■ steel plate resbs over the t\,/o pillars on the 
side and two Gi-)ntinuous walls having height of 3.1/2' 
to prov] de v/orking place below the tank. On the plabe, 
brick walls of the tank were constructed giving offsets, 
A.ngle® irons v/ere provided between the walls and the pillars. 
In the bobtoii sboel plate holes v/ere drilled in concentric 
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circles. Pi" chows the arran£;^ei .eiit of fche holes 

in the steel plate. Piezometers were fitced through these 
holes. These piezoioerers go to different heights. The 
piezometers aj o made of I/4" diameter G-. I. Pipes 

v'lbh botxoa and screwed to the steel plate. Piezometer 
tips were formed b;- dr] lling 20 holes of 1 m.m. diameter 
in the top one inch of each piezometer. These tips v/ere 
v/rapped v/ith .283 m.n. \fire mesh to prevent sand from 
entering the piezoiieters . 

The p3 ezome tors wcie connected to veruica.1 glass 
tubes ,7hich are mounted on a v^rooden board. Usually 
piezometric heads are measured by .'Uriing small holes 
in the bottom plate and connecting these to vertical ^ass 
rubes, bub thas measures txital head ex the bottom of the 
plate only and does nor gave the correct water surface 
profile because of tiie curvilinear flow net. In model 
expel iments which are of small dimension this shift can 
be neglected, but not in all cases. In the present 
set-up the piezometric riibes are raised to various 
heights in order to minimize this effect. 

In the center of the plate a drain pipe of 8 inch 
diameter v/as placed as shoi/n in Pig. 2. Por measuring 
water level 111 rhe drain pipe a hole v/as made in the pipe 
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at. the base or the pipe and conxiected bo a ^lass tube 
on the TOoden board. 7he leii^bh of laterals uoed \/as 
30" having ouiei diameter 1/^ inch and inbernal dianeter 
:3/8 inch v'lth 64 holo.3 drilled on the Tour faces at equal 
opacing. The diai.icter of these holes are 11/32 inch, 
laterals v/ere also vrappod '.ath u'lre Jiesh of 0,285 m.n, 
.t^ou^G to prevGiib bhG entry of the sand, 

Saxid uscu iji the model \/as coaroe one, gram 
size rciiiging froifl 0.3 m.m. to 1 iu.m. gram size distri- 
butiOii 13 sho\m 3 n Pig. 3* 

A cage of 6 ft. diameter was constructed v/ith the 
help of I.S. angle and mild steel flat a and expended 
rnebal frame. Over this a v'lre mesh of ,283 m..a. gaiige 
v;ac wrapped This case 'was filled 'uth sond and around 

the ca'.e water v/os filled in the tank from an inlet at 
the botboj’t An outlet is provided for the over flow of 
water The cage prepared provides the sand uniform 
sati’ration, oupply of vaster to the inlet is provided 
bj' a 2.1/2 inch pipe connected with a noror of 3 H.P. 
Cutlet IS 4” belo7/' the top of the tank on one of its side. 

The drain pipe of 8 inch diameter \/a& connected 
to 8 reducer (8" bo 3") at the bottom of the plate and 
a long pipe of 3 inch internal diameter was taken out 
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from the reducer, and connected to a tank of dimension 
30.5'' X 29.5" \ath a re^jlatin^^ valve. 

The C£;>e v^as filled with a sand of unifoniJitv 

dgo 

coefficaent ^ — = 2.9 and the effecbive size 
^10 

D^q = .34 n.m. The coeLTicient oi perineebility of the 
saiid was .030 o^./sec, 

2 . 3 50017 ; TILT 

The flow patte'cn around a collecbor v'ell is 
extre.ely c.mipdex I'hLckneso of aquifer, length, 
location end lun her of laterals are importont factors 
in the dexeri'iinatioij of yield end draw do\/n distribution 
around such wells. 

Pol] owing arc the paraiieters v/hich are to be 
studied with the help of the present set-nip. 

(a) I'lmber of laterals 

(b) length of laterals 

(c) Plevation of larorals 

(d) Arrangement of laterals 

(o) RolntiOiiship of discharge vs. area of the 
opeiu nga in the Istoreis, 

(f ) Determination of the equivalent vertical 
well radius in the case of unsyiffiietrical 
pattern of laterals. 
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Since all suiface sources have coiisiderable 
seasonal varialioxis in stage end ter.ipei’oture , e 
seasonal vf--riabioii jn the yield of the ^/ell will occur. 

It 3 0 important to define stage and terperature conditions 
for v/hich the yield 3s being determined. 

Variation in riier stage v/ill directly affecc the 
avOj Dalle di’ow dov/n and, in an unconfincd aquifer, will 
olvoo effect the average sataraced thiclcness of the 
formation Tht 3 Gfri^cts of tbis vo'cio tion can bo handled 
siiiply by coiaparing the stage conditions exiscjng during 
the pumpiii" test with those expected for tho conditions 
for which the yioDd is being computed, and correcting tho 
di'ov; down and thickness accord ingly. 

(a) llimbcr of laterals - Discharge and draw down 
in tno dram pipe v/ore measured and shape of the draw 
down carve is obtained by plotting the piezometric heads 
at difCcvont points. 

(b) Length of laterals ’'.''ith different lengths of 
laiierals, diocJiargo and dra’^ down were measured. 

(c) Elevation of la Lerels Laterals were mounted 
on the drain pipe in blireG tiers. Sir inches apart 
vertically starting from the base of the drain pipe. 

Draw dov/ns end dischaiges v/ere measured, for each elevation 
separately. 
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(d) .i.rr0n^einGnu or lo.tGi'olrj : - Ljto' ' clo\/ 3 ij dischaT^s 
and shape of Llie draw do\/n carve shoald depend Ui'on the 
arronseiaent of laterals. Pirsbly the observations were 
made wibh S5nm''e br3 c ally arron^^cd laterals i.e. laierals 
of equal lon^p^lis and evenly distributed, llien obser*- 
vatioiiG were jiade ui bh unsjrrmie'jrical case, bhab is, 
laterals are only on one side. This affects the shape 
of the dravz down curve. 

(e) Relotionship of discliarpc with area of openings: *• 
The perporation areas ueed \/erc 12^5%, 25f‘', 30% and 355^ 
of the tota] surface of the laterals. Graphs are 
plotted showinr the relab lonship bet^.^een % opening, and 
disf barge [“oa o certain arrangernenb of bhe laterals. 

The large area of exposed perforations in the 
lateraDs causes, low inf lov/ vcloci Lies which winira: ze 
cri'sbebLon, clogging and sand movement. 

(f) Debcrm ' nat j on of equivsienb radius of a vertical 
v/ell for unsyjn .Gbr]C0l case iPor a parbiculor arrangement 
of laberf'ls wo found out the draw down, corresponding 
dischai'e in the dram pipe as v/ell as the draw dov/^n in 
the piezomebers which are ab specific disbsnce from dram 
pipe, \^e can draw graphs using these parameters from which 
bhe oquivalciit vertical well radius can be determined. 
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2.4 r!7?E?LJI':i;iTDAL PP.OCEDTjTlE 

(i) Artei ri3-lin[, tlv- tD.nlc vich s:nd, waxer is 
supplied to me iiilex . 

(ii) Ijet-el ol ^/xoter is I'ainceined c casts nt in the 
tsnk. Excess \'ater flous oub thro’ ^h the outlet. 

(ill) The regulator connected to che drain pipe 
is opened. 

(iv) ''hen the regulebor is opened the ’'/ater level 
decreeses in tenlc. mcreesing the ]nlet discharge, 
level jn the tank is iieiiitained consbant. 

(v) discharge is raeasured by measuring rise 
in waxer level in a ’neacuring tank. 

(vi) Piezouietric heads are noted from the glass 
tubes rnounted on a v/ooden board and coiniected by plastic 
pipes to the piezometr: c tubes. 

(vii) Experiment is repeated for different discharges, 
(viii) Initially all the laterals are fitted to the 
drain pipe with their openings to the dram pipe plugged. 
Hov'ever, only those laterals which are to be operative 
are made to function by unplugging the opening connecting 
the lateral to the drain pipe. 

(ix) Eor finding the equivalent radius of vertical 
well in unsymmetrical cases, circular cages of different 
percentage of lateral lengths a-re used. 


do' aivjQj'c! 


(x) ]?or diiferenc di&c ].'jar;_;es drs'' 
inea&nred, v/itli constant //ater level in the tanl:. 

(xi) To inve&cigate the eltcct ol perceitage 
area of opening on the discharge, j easurenents wjre 
made of disc larges and draw dovm in the drain pipe 
by using laterals having different areas of opening4 
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CHAPT3® 3 


3.1 haattugh IIETHOP 

Theoretical analysis of collector v/ells is fairly 
complicated. One apj^roach is to treat a collector \?ell 
as a partially penetrating vertical v/ell. M, Hantush (9) 
has used this approach in obtaining a theoretical solution 
for collector well problems. His studies include cases 
of collector v/ells v/ith s^'mmetrically located laterals 
near a stream bed, under a stream bed, etc. The follo\/ing 
analysis for the case of collector '/ells under a stream 
bed IS reproduced lor ready reference, 

For the case of a collector well under stream 
bed if the capacity of a stream channel is large c cmpared 
to theiiaximuT'i diversion of ground water, the slope of 
its surface may be neglected If it is assumed that the 
percentage of the disGhar_e of a collector well that 
originates from storage in the island portion of aquifer 
IS small relative to that which originates from induced 
infiltration into the aquifer beneath the stream t)ed, it 
may be assumed that the banks of the effectively infinite 
and fairly straight stream are vertical impermeable planes 
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that out completely throu^ the aquifer » hence the method 
of images may be used to obtain draw down distribution 
around tlie collector well under stream beds. The following 
formulae given by Hantus is valid for a> 0,5 (b+r +1'). 
Also the laterals and their images fomn four or more 
syimrietricelly located laterals. (Refei to Figure 11) 


for t > 



draw downs can be estimated from the following 


G'^uaoion. 


Sc/(Q/8 -K klN)= log 


t 164 


|l-Co& 7 s ( 2 Z^+r^)/ 2 bJ j^l+Cos 7 S (ry 2 b)J 

i^+Cos A (2Z^+r^^)/2bj|^1-Cos A (r^y2b^ 
M' _ „ __ 

V j j \ L r( 2 n+l) l/ 2 b, 0 \ 

^ L(2n + 1) J 1 L 

n =0 ^ 


I jJ(2n+1)A (l'+r^)/2b,oJ -h ^(2n+1 ) ?; r^b, 0^ 


A /2 + 2 (lf- 1 ) 1 jj 2 n+ 1 ) ?5l'/2b, oj 


- L J^(2n+1) 7|ry2b, j Sin (2n+1)7\ (Z^+ry/2bJ 


jSin 


^2n+1 ) A:zy2b'^ 


(3-1) 
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This eTusTioa is ■''■a lid for steady osse rhere 
- iociius of drain jS pe 

=z radius of latero3.3 

IT = ITd. oP laterals, 

M' ~ IS axi 3i:te£er such that it is greater than 

,5b/ro 


Ij(u+’.') - function defined by 



IS 

I’p - in’Tge length cf lateral 1, 

~ dr- pell of .sand above letter als 

b = deptn of sand bed , 


dy 


3 , 2 AP i-nOACh 

Jjiother approiriiiate method of analysis is given 
by y. Petor (25''. Ifeking the foZlo'^'iTig assir^ptions he 
arrived at an approximate solution as follavc ; 

A^3UI!ITI0M5 ! 

(1) The flow j.nto the laterals is linearly distributed. 
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(2) The entrance area in the lateral for the entry of 
water is sufficiently large, 

(3) Friction losses in the laterals are small, 

(4) Vater 3 ovf^j the pipes is large conivar’e'l /ith 
the surface depression. 

The first assumption leads to the following 
equation (Refer to figure 12). 


Q 


Q 

(L-x) 


Ii-X 


or 


- (3-2) 


where 

= discharge in the central pipe 

= discharge entering the tip of the lateral 

Q = discharge flowing in the lateral at a distance 
X from the axis of the central pipe 

1 ^ length of lateral 

Q IS also the increment in discharge from x = 1 
to X = X i.e bhe increment AQ = Q - 

^4^ 
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The above equation is used along v/ixh Darcy’-Thiein 

equation 

equation for steady state Darcy -Thi em/ can be 

oboained I’laking the following assuraptions : 

(1) The flow IS horiaontal, or the ©quipotential 
surfaces are cylinders coaxial with the \/ell , 

(2) The velocity is uniform over the depth of 

flow, 

(3) The velocity at the free surface is expressed 
as V = - k ^ instead of v = ~ k dh/ ds where r denotes 
the radius oriented away*from the well and s denotes the 
flow path then (refer to fi^re 13) 


= 2 A r h k 


dh 

dr 


where 


(3.3) 


Qq = discharge 

k = coefficient of permeability 

= vmter level at outer perimeter at distance 
Rq = from the centre of drain pipe 

H = water level at distance H from centre of 

drain pipe 


r = radius <of drain pipe 
w ^ 


Boundary conditions are 
at r = R^, h = 
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Integrating eq.uation (3.3) and putting the houndary 
conditiono v/e get 


27^11 ^ 


h dh 


0 


27\k 


Log r 




H 


o 


H 





7s k (H^ ~ H^) 

i-oe 


(3.4) 


At aiTy point whose coordinates are x, y loss of 
Q in the sand strata. 

Q = Qo (See figure 12) 

where 1 = length of laterals 
Leaving in sand 

= % = ( 5 . 5 ) 

Introduo'^ing the flow velocity 
k dy 


(3.6) 
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and the flov/ drea 

^ = 2 A y (x+r) (3.7) 

\'e get , 

dy 

\ = Qq = 2 7^ y (x+r). K. ^ (3.8) 

or Qq X dx = 2 7^ ly (x+r) k dy . 

X 

x+r = 2 7S 1 k y dy 
Integrating both sides we get 

[ jjL M 3 ^ 2 K 1 K y dy + c 

f— y*^ 

Oq jx - r* log (x+r)J| = 27 \lk-^ + c 

Qq l^x-r log (x+r)^ = 2 7sl k y^/2 + g 

when X = - r, j’- = (See figure 14) 

Qq ^RQ-r-r log j(EQ-r+r)'^^ = 2 K IE "-| + c 

Qo log (Hq)] = 2 Tv Ik -^ + c 

h2 

Qq ^x-r log - 2Al k y^/^ + 

^Ro-r-r log ~ T^lk 
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Icy = Qq X - r log (x+r) - ^+^ 0 ^ + Q^r log 

.2 


+ Mk K 


O 


= h 2 . ^ n 


Aik 


L_ 


log R -n 

X+r - R^ + I 

log (x+r)^ 


y = 


2 1°S 

(x+r-R + S 

o n kl ' o 


log (x+r) 


(3.9) 


when X = 0 let y = y 


then 




+ — (r~R 


log r 


( 3 . 10 ) 


Equation (3*9) girea the draw down at any distance 
X from the face of the central pipe, for the given boundary 
conditions of y = y^ at the face of the central well 
and y = ( non pumping water level) at a distance R^ 

These equations may be used to get an approximate 
draw dov/n profile even v/hen there are more than one 
lateral^ In the next chapter the observed values of 
draw down are compared with the values conputed using 
equations (3.9) and (3.10). 
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T'o find oui bh& relationship het\'cen percentage 
£rea of opening in laterals, their numbers, length, 
c'l&charge, drav/ down, etc., dimensional analysis is done 
as belov/ 

3.5 DIICI'TSIOFAL AFAIYSIS ; 

Let be the flow lu a single lateral. The 
flo\ depends on the I ollowing variables . 

1, T and s^ 

where 

Ap = Area of openings 

1 = length of lateral 

T = Transnissibity coefficient 

o = draw dovvn. 
c 

Hence \/e can write the follov/ing equation 

9l = f (Ap, 1, T, Sp) 

Using the dimensions of each of the variables, we 
can wri ce ; 

^ (1®) (iVt (1)“ 

I 

where L = length 
T = time 
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equsiting the powers 

or 3 = a + 2b + c 
1 = b 

or a = 3-2 ~ c = 1 - c 

Q], = (T) (s^) 

where y = 

r. 

0-1 = k-, (yT) (s/y)° = f (y'T, ) (3Ji) 

assuming that yT is constc.nt and it is a multiplicative 
constant v/e can v/rite, 

= yT f (S^y) (3.12) 



f, (s^y) 


(3.15) 


The above equation represents in a non dimensional 
way the relationship between the various parameter*, 
namely 1, s^ , and T. The actual relationship 

can only be obtained by conducting experiments. This 
has been done and the results are given in appendix - 1 . 
Using these results the above equation is represented 
graphically. This will be discussed in the next chapter* 



CHAPTEH 4 


/ISJBI RESULTS AIJD DISCUSS IQtJS 

4.1 Appendix 1 gives the observed piezomctric levels 
for various experiments conducted. Pig. 15 gives the 
position of the tappings of the piezoraetric tips in the 
experiuental setup. In the case of symmetrical arrangement 
of laterils \ve can take any one cross section to represent 
the head distribution because of symmetry, Ho^./ever, it 
is li’^ely that there 'all be a slight difference in the 
piezometric readings at different cfoss sections because 
of the curvLlineor nature of the equipotential lines. 
Therefore an average value of the piezometeric reading is 
used for comparison with the computed value. Some 
typical calculations are shown belov/ to indicate the 
method of " ■''•eragiiij: that is used. 

(i) Given the following values 5 

X = 65 .02 cm 

Q = 390 cm^/sec. 

Arrangement of lateral 8 laterals (Long), 6 “ 


above bed . 



The observed values of piezonietric iieads are as 


belov; (See Appendix 1 and Figure 

15)* 


(i) Grose section 1-1 110*00 

(in piezometer 
l'Io.24 f) 

108.40 

(in piezometer 
llo. 42 B) 

(ii)Cro3s section 2-2 109.00 

(in pies I'To.lSf) 

107.80 

(in piezometer 
llo. 36 B) 

(iii)Croru section 3“3 110.00 

(in pizo Ro.45) 

109.00 

(in piezometer 
Ho, 30 A) 

SUM 

654.20 

cm. 

AVERAGE 

109.20 

cm 

(ii) Similarly ior x = 32.5} cm, Q 

! = 2225 

•z 

cm'^/soc and for 


4 larerols in 3 tiers average value of piezometric head 
= 106 50 cm 

Table 4“'1 gives all the mean observed values as 
computed above. 

The above observed values are compared with 
theor^oical vrlues obtained by using equation (3-9) » 


r — 
! 


0 


Aik 


(jc+r-R + 
0 


^0 

log(x+r) 


{3»9) 

(rcpeetod) 



A few specimen calculation are shown below to 
indicate how the theoretical values are computed by 
using the above equatioji. The values used are the same 
as that for which the mean observed values v/ere determined 
above. 


S PEG IlISW G AT CULAT J CHS 


Eor eight laterals, 6 inch above bed (Ii=76,2 cm) 


- 7 

“v'^O ^ 


Q, 


log 


o 




) 


Hq = 112 76 cm 

Qq = 390 cm^/sec. 


L = 76.2 cm 

X = 65 .02 cm 


r = 1 0 . 1 6 cm 

Eq = 91 .44 cm 


^ 390 

y = 1(112.76)'^+ (6502+10 J 6 -gi .44 

^ .03x76 .2 


+ 


log 91 *44 \ 
log 75 -ia ) 


\ ^ 


^12769 “ 274 



-z yl'2495 

cm 

(The value obtained by the computer 13 112.30) 

( 2 ) For 4 laberale in all the bliree tier (L=76»2 cm) 

= 2225 CioVsoc. 

X = 32.31 cm 
L =76,2 cm 
r = 10.16 cm 
Rq = 91 44 cm 

= 112,76 cm 

Us in 7 the above equation 

y = (112.76)^+ (32.51+10.16-91 »44 



J ^2169 + 31 .2 (-47.57) CM 

^ Jl1289 
1 03 .00 cm 


(The v&lue obtained by the computer = 107.177) 



A computer program \/hj.ch detern.xneB the draw do\m 
for various discliarjes and for various arrangement of 
laterals is enclosed as Appendix - 2. Table 4“3 gives 
a comparison of bhe observed values and the com}iuted 
values . 

'^\'e can see from the table (4*“3) that the observed 
values taJly with computed values when the discharges 
a.e lov/ and wnen the distances are large. How-ever when 
the discharges are large the difference is significant * 
There may be several reasons for this discrepancy. A 
few of them are indicated belcw' : 

(i) .hrn the discharges arc small the flov/ is laminar. 
The eqi ation (3-9) assumes laminar flow. Hence the 
discrcoancy is small when the discharge is small. 

(ii) V/hen discharges are large the flov/ is likely to 
become non linear and hence equation (3-9) may not be 
valid , 

(lii) It may be seen bhat equation (3-9) is derived 
assuming only one lateral. The same equation is used 
for finding the discx arge even when there are more than 
one lateral by simply multiplying tne discharge for one 
lateral by the number of laterals. This is not strictly 
true, '/hen the laberals are arranged around the circum— 



TABLE 4-1 




CO^IPAinSON OP OBSERVED VALUES OP LRA', DO 'iJ ADD VALUES 
calculated PRCil PETER'S EQUATION AT DIPPERE;® DISTAi'CES 
EitOE CENTRAL THE FOR DIFPERENT DISCRfiRC-ES 

FOR T\70 LATERALS ARRAUUED SYI’ESTRICAXLY (Leri -fell of each 
lateral = 76.2 cm 


Discharge 

>7 

cm'^/sec , 


DRAY/ DOY/N AT 


16.26 

era 

32.51 cm 

40 .77 cm 

65 .02 cm 

Ob s er 
ved 
value 
(cm) 

Celcu 

lateU 

value 

(cm) 

Obs , 

Cal, 

Ob fa , 

Cal. 

i 

Obs . 

Cal . 


342 

106.7 

105.829 

510 

105.8 

102.252 

780 

101 .0 

96.225 


107.74 107.621 107.72 
107.85 105.005 108.33 
104.00 100.658 105.3 


109,395 109.40 111 .142 
107.703 109.70 110.339 
104.927 108.59 109.035 


POfi POUR LATERALS ARRANGED SYT'1I,IETRICALLY (Length of each 
lateral = 76.2 cm) 


Discharge DRAh' DOV/N AT 


our /sec ^ 

16.26 cm 

32.51 cm 

48,77 cm 

65.02 cm 

j 

Dbs, Cal. ' 

Obs. Cal, I 

Obs. Cal. 

Obs . Cal . 

338 

463 

1045 

T 

)06.00 109.390 105.80 108.251 107.00 111.10 109.00 111 .963 

■|06.80 108.117 107.00 109.308 108.00 110.493 109*60 111 .66? 
105.50 101 .931 105.00 104.808 106.54 107.576 108.20 110.279 



POR SIGHT T.ATSP/ilS ARRAFGED SY ^■’ETRICALIY (len^h of 
each lateral = 76.2 cm) 


Dischsr-e 

■7 

cm^/ sec 


DR A DC n 


1 6 26 cm 


Ooser 
ved 
vsl le 


32,51 cm 

48.77 cm 

65 .02 cm 


i 



Gal. 

Obs. 

Cal. 

Obs . 



POR POUR LADERADfj II? ALL THE THREE TIER (Length of 

each lateral = 76 »2 cm) 


Discharge 

•7 

orsK / sec . 


16.26 cm 

I _a ■ j 

Ohs. Gal. 


DRAU DO’ /I? AT 


32.51 cm 


Obs. I Cal. 


48.77 cm 


165 .02 cm 


Obs . Cal » 


600 107.00 109.19 108.00 109,50 108.00 110.04 110.00 110.65 

1353 106.20 105.86 107.20 106.59 108.00 107.84 108.50 109.25 

2225 102,00 101 .84 106 50 105.09 107.00 105.21 108.40 107.58 

3460 100.00 95.96 105.80 97.99 105.00 101 .45 106.80 105,22 


4400 98,50 91 .35 102.00 94.04 104.00 98.54 106.50 103.45 





















TABLE 4~2 

COllPABISOlJ OP DIG emu GE PQR VARIOUS DRAW DOVNS 


1 

s 

c 

i DISCHARGES 

Cms 

2 

laterals 

, — , 
' 4 laterals 1 

8 laterals 

j 

Long 

Lii!! 

; Small 
! Pipe 

1 Long 
' Pipe 

Small 

Pipe 

Long 

Pipe 

Small 

Pipe 

20 

368 

340 

i 620 

584 

922 

900 

30 

563 

530 

I 873 

786 

1240 

1208 

40 

728 

670 

1 1097 

990 

1590 

1510 

50 

863 

747 

; 1300 

1143 

1870 

1783 

60 

970 

835 

i 1474 

1310 

2140 

2020 


TABLE 4-5 

EPPECT OP ELEVATION OP LATEx^ALS ON DISCHARGE 


Cms 


DISCHARGES (f^Vscc) 


6" above the bed 


12" above the bed 


18" abo^ e the bed 



h i 

3 

1 

D 

5 

^ ~ 

2 

3 

■1 

2 

J 

n 

5 

20 

262 

368 

465 

600 ! 

i 258 

560 

470 

260 360 

464 

610 

30 

368 515 

650 

825 

364 

520 

650 

360 

504 

650 

820 

40 

475 

650 

825 

1020 

470 

655 

830 

468 

652 

820 

1025 

50 

562 

756 

970 

1190 

555 

750 

972 

560 

751 

972 

1180 

60 

640 

873 

1095 

1350 

635 

870 

1095 

632 

871 

1102 

1360 

70 

709 

875 

1220 

1492 

715 

882 

1225 

703 

874 

1125 

1495 











ference of a central collector well the flow is radial, 
whereas the flo',/ assumed in the case of one lateral is a 
plane flov/ 

4.2 The effect of length of laterals is not very significant 
so long as the boundary is quite distant. Tv/o different 
lengths v/ere used in performing bhe Experiment ‘76 .2 cm 

and 5S cm It is found that for the saiae drav/ do\/n 
discharge decreases but by a spiall amount as compared to 
the length of laterals. For example at a drew down of 
40 ems, the discharge in the case of 76 cm length of 

*2 •7 

lateral is 720 cmvsec. & 670 cm^/sec. for 38 cm length 
of lateral for the case of 2 laterals arranged syrmnetrically . 
Table 4'*2 , gives a comparison for other dra\/ downs. 

Eig . 4(a) and 4(h) show a plot of discharge V/S drav/ down 
for various numbers and arrangement of laterals. 

4.3 An experiment was also performed to see the effect 
of elevation on the discliarge. Eig. 5(a), 5(b), 5(c) 
shov/ discharge v/S drawdown in the central pipe of the 
collector well for vaiuous locations of the laterals. 

Table 4-3) gives a comparison of the affect of height 
at which laterals are mounted. 





It can be seen from the above table that there 
IS not much effect on discharge when laterals are located 
at different heights from the bed, 

4.4 It has also been found out from experiments that 
discharge increases with increase in the number of 
laterals. As there is negligible effect of elevation of 
the laterals, v/e can increase the discharge by increasing 
the number of laterals proportionately but wnen several 
tiers are operated simultaneously there is some inter*- 
ference effect, l?or symmetrical cases i.e. length of 
laterals as well as their spacing is aame, the water 
surface profile is symmetrical but for unsyinmetrical cases 
the shape of v/ater surface profile gets distorted, This 
phenomenon may be because of the fact that water in the 
main pipe comes only from one side, other side is !lfi ss 
affected. 

4.5 An experiment was also performed for various percentage 
area of openings of the lateral surface. Four percentage 

of areas of openings were used(l2,55^, 25^, 30 %, 35^) r for 
each percentage of opening, discharges were determined 
for the drawdowns of 1 5 cm, 25 cm, 30 cm, 40 cm. The 
results are shown in figure 6. The length of laterals 
were 76.2 cm. Pour laterals were arranged symmetrically 
as shown in Pig. 6. It can be seen from the figure 



that the curves tend to beconie horizontal after about 355^ 
of opening for all drav/ downs We can therefore conclude 
tentatively froin this that more than about 35% opening 
will not result in any increase in discharge for the same 
drav/ dov/n, 

4»6 In practice collector uells arc analysed by treating 
them as vertical wells of a certain equivalent radius. By 
equivalent radius we mean that radiums of the vertical 
well Vi^hich will give the same discharge as that in a 
collecbor well at the same draw down. These equivalent 
radii are deLerrained experimentally for various arrangements 
of the laterals . Figure 7 shows the discharge V/S draw down 
for vertical v/ells of different diameters* Figure 4(a) 
and 4(b) give discharge V/S drawdown for collector wells. 

By superposing figure 7 on figure 4(a) , we see that curves 
(for n - 2) , (for n = 4) and (for n =8) envelopes 
betv/een 7.5 inch and 12*5 inch curve. When the number of 
laterals becomes large the collector well can be replaced 
by an equivalent vertical v/ell of about 80% diameter but 
as the number of lateral decreases the equivalent vertical 
well diameter depends upon its number* Similarly in the 
case of unsyr'tmeti'ical arrangement of laterals, by super- 
posing Fig 7 on fig 5(c), the following conclusion can 



be drav/n : 


On Pig, 7 the dotted line shov/s the possible 
curve that v/e obtain if we have a vertical v/cll of 
diameter 7.1/2 inch. The two curves A and B (A refers 
to the curve for the 7.1/2 inch dia well and B refers to 
10 inch dia well) betv(reen them are seen to envelope 
roughly the curves P, Q, R and S ( Refers to the curve 
for 2 laterals, Q for 3 lat , R for 4 lat and S for 5 lat) 
till about a drov/ down of 12.5 cm. Hence we can say that 
upto this draw dovm we can replace the collector well 
with a vertical well of diameter between 50?^ to 67^ of the 
length of laterals. These percentages are obtained as 
bolov/; 

Length of laterals =38.1 cm. 

Equivalcnb diameter of the vertical well '-7.5 inch 
to 10 inch. 

Hence the percentage is “ = 505^ 

and = 67^. 

Beyond a draw dov/n of 12,5 cm it is seen that the 
curves for vertical wells rise steeply upwards whereas 
for collector wells the curve flatten out gradually. This 
difference in crend again is possibly because of the 



excessive draw dov/n» In the case Ox unconfincd aquifer 
we usually restrict the drew dov/n to sma] 1 percentage 
of the initial saturated thickness of the aquifer for 
purpose of analysis, 

4*7 The relationship between the percentage area of 
opening provided and other paraiietors are represented 
by equation (3~12). In other words to find the actual 
form of the equation, experiments v;ere conducted v;ith 
varying porcentagos of openings and the results are 
presented in figure 8. By fitting an equation to the 
curve representing n = 2 laterals, the following equation 
is obbained, 

- 166 + losfgy -3.6 (4.1) 

curves for n = 4 and n = 8 arc similar to that for n = 2. 
'Ve can obtain the equation for any r by considering the 
equation for n = 2. The following equation represents 
v/hen is known, other conditions remaining same : 
See. ^ 

v/here - discharge for the case of n laterals 
Qg «■ discharge for the case of 2 laterals. 



The lyay v/e uso equation {4-2) is a& follows : 

Given values for Sc (draw dov/n), A (percent 
area of opening), L (length of lateral) and T (Transmiss- 
ibity coeff), we can enter tne figux'’o 8 and dotormine 
Q for n = 2 (of course from the above figure v/e can also 
get Q for n = 4 and n = 8 too). Using the above equation 
(4‘-2) wo can nov/ obtain for the same values of parameters 
given above for any n, For example, for Sc/y = 50 ^ we 
get = 275 from the figure (for T = 3.63 cm^/sec.) 

Ap = 12.5% , 1 = 76.2 cm) . 

♦ « Discharge for this case comes to be 
Q 2 = 275 (y) (T) where y = 

= 275 ( ^1^) (3.63) 

•2 

» 164 om^/sec. 

For the same conditions, if we had 4 laterals, then 
the discharge would be 

Q4 '=• logg 

« l64£l+.8 (0.693)J 
= 164 (1 .554) = 255 cmVsec. 



using bills valuo of Q, if we calculate v/e get 


‘ 12^ 5x3 " ^^ ' ^ “ 426, The value we get from the figure 

8 IS about 475, Equation (4-2) is an emperical equation. 

So it gives only an approxDnate value of discharge. 

4-8 CQUOIUSCGES AI^ STJGGBSTIOIJS fOR FUTURE 70RK : 

Collector v/ells can be used with advantage in 
situations where vertical wells are not suiteble. Such 
situat j ons arise, for example, in the case of aquifers 
which are thin and hence do not provide enough length for 
screens . 

In the present work experiments were conducted 
to determine the effect of various parameters like length 
of laterals, area of opening, number and arrangement of 
laterals etc. on the yield or discharge of a collector 
v/eil. The rosu]ts have been discussed already. 

Analytical treatment of collector wells is difficult, 
Hanbush (9) has given solutions for certain arrangement 
of laterals. One of the pressing problems in the field 
of collector wells is to be able bo determine the yield 
when the laterals are unsymrnetrical. That is, v/hen the 
length of loterc^ls are different and when they extend 
only in a particular direction. One of the methods to 



using this valuo of Q, if we calculate we get 


pC^ TT V (5 2 

l"2 .5x3 ’ ,^ '" “ value we get from the figure 

8 is about 475* Equation (4~2) is an eraperical equation* 
So it gives only an approximate valuo of discharge* 


4*8 COEOlUSroUS AED SUgQ-ESlICHS FOR FUTURE 70RK : 

Collector wells can be used with advantage in 
situations where vertical wells are not suitable. Such 
situations arise, for example, in the case of aquifers 
which arc thin and hence do not provide enough length for 
screens* 


In the present Vifork experiments were conducted 
bo deb ermine bhe effect of various parameters like length 
of laterals, area of opening, number and arrangement of 
latera] s etc. on the yield or discharge of a collector 
well. The results have been discussed already. 

Analytical treatment of collector wells is difficult. 
Hantush (9) has given solutions for certain arrangement 
of laberals. One of the pressing problems in the field 
of collector wells is to be able to determine the yield 
when bhe laterals are unsyrometrical. That is, v/hen the 
length of laterals are different and when they extend 
only in a parbicular direction. One of the methods to 





solve unsyn 'etrical well problew is by equivoleni; vertical 
well radaus method. Some experiments were conducted in 
this direction and the results have been reported above. 
However mere work requires to be done in this direction. 

Equations (4“2) has been developed based on 
dimensional analysis. The validity of this equation 
should bo checked when the number of laterals is greater 
than 8, 
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APEEKDIX 3 


04 - Qg = 0 

where c is a constant 

^16 ~ ^ 

Q 2 I - 0 


Suromi ng we get 


Q2i = (1-1 ) 0 + Qg 

X 

where 2 = n 

or i = iSS^ 
log 2 


Q 2 = 1 -0 


or 


Q(n) - QiA{ 1) c + 1] 

L log 2 


0 = .55 from graph 

Q(n) s ^1 + ,8 logg (h/ 2 )^ 
Similarly for uneymrn case 

Q(n)= Q2 ^(n- 2 ) c + l] 
c « ,4 from graph 
or Q(n) “ l^n- 2 ) .4 + tJ 


For n = S 


j4>8,16 
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Q4 ^2 “ c 

where c is a constant 

Qq “ Q4 = 0 

*^16 ” ^8 " ° 
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1 .0 

r ( » 1) e + 1 1 

^ L log 2 J 


0 - .55 from graph 

Q(n) = log^ (ri/2)] Por n = 2,4-f8,16 

Similarly for unsynmi case 

Q(n)= Qg [^(n-.2) 0 + 1 J 
c « *4 from graph 
or Q(n) a Qj^^n-2) *4 + T "j 
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